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Previous reports have demonstrated that various strains of Cryptococcus neo-
formans may be classified into different antigenic types by means of agglutination
and precipitation tests, as well as by microscopic capsular reactions (1, 2, 3, 4).
The type specificity of these micro-organisms is believed to depend on the
capsular substance. As yet, however, no clear chemical differences in capsular
composition have been demonstrated whereby the various strains may be
differentiated and grouped as has already been done, for example, with the
pneumococci.
One report has appeared in the literature which indicates that the capsular
polysaecharides of three different antigenic types of C. neoformans are quali-
tatively similar (5). While this may be true, there still may be quantitative and
structural differences in the composition of the cryptococcus capsular poly-
saccharides which may account for differences in their antigenie properties. A
clearer understanding of these antigenic differences may well depend on further
information about the quantitative chemical make-up of the capsular material.
It was with this in mind that we undertook to isolate and characterize the cap-
sular substance of C. neofornians.
MATERIAL5 AND METHOD5 OF I5OLATION OF THE CAP5ULAE POLYSACCHAEIDE
The organism studied was a non-pathogenic form of C. neoformans, variety
innocuous, Reid strain, isolated in Dr. Benham's laboratory, and classified in
her Group III. This non-pathogenic form cannot be separated from the patho-
genic ones except by its inability to grow at 37° C and by its lack of virulence
for laboratory animals.
Cultures were grown on Difco Sabouraud dextrose agar for 5 to 6 days at
room temperature and harvested as a saline suspension. This suspension was
then centrifuged and the residue dried with alcohol and ether.
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t 10 grams neopeptone, 4 grams Bacto-dextrose, and 15 grams Bacto agar in 1 liter water.
Two methods of extraction of the polysaccharide were tried. Method A consisted in sus-
pending the dried organisms (13 grams) in 300 cc. of 30 per cent potassium chloride and
shaking in an automatic shaking machine for one week. The suspension was then filtered
and the filtrate was dialyzed against running water. The material in the cellophane tubing
was concentrated by vacuum distillation to 100 cc. To this concentrate, potassium acetate
(5 grains) was added as well as absolute ethanol (5 volumes). Instantaneous precipitation
occurred. The precipitate was stringy and white in appearance, and after drying in a desic-
cator was found to weigh 110 mgm.
Method B was similar to Method A except that 1 per cent potassium carbonate was
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For purification several combined yields of capsular material (1.3 grams) were
dissolved iii water (700 cc.), adjusted to pH 4.0 with glacial acetic acid (6 cc.),
treated with kaolin (10 grams) to remove contaminating proteins, and finally
filtered. This procedure was repeated three times. The filtrate from this absorp-
tion procedure was vigorously stirred with amyl alcohol (70 cc.) and chloroform
(280 cc.) as a final means of purification. After removal of the immiscible organic
solvents the polysaccharide was precipitated with 5 volumes of absolute ethanol
containing potassium acetate. The precipitated product when analyzed quali-
tatively now gave a positive Molisch and Bial's test, but was negative for starch,
glycogen, protein and reducing sugar. It was non-dialyzable and extremely
viscous when dissolved in water.
EXPERIMENTAL OBSERVATIONS
In order to characterize the capsular material in a general way, an experiment
was performed to determine if the polysaccharide acted as a chromotrope in
causing an alteration in color of a metachromatic dye. This property has been
described for the cryptococcus by Gurri (6) who suggested that the change in
dye color in tissue sections of experimentally infected mice may be used as an
aid in the recognition of the micro-organisms. From this work Gurri concluded
that a substance is present in the capsule of C. neoformans which resembles
mucoitin sulfate and which may be responsible for a metachromatic reaction
with toluidin blue.
Solutions of various concentrations of capsular material (0.7 to 14.1 mgm,
per cent) were mixed with a standard solution of methylene blue (1.24 X 10
M). The optical densities of these solutions were then measured at wave lengths
of 5700 A, 6100 A and 6500 A and compared with the values obtained for a
blank methylene blue solution. The wave lengths selected were those where
known chromotropes or metachromatic inducing compounds cause alterations
in light absorption of this dye (7). No appreciable alterations in light absorption
were demonstrated. This experiment leads us to conclude that the polysaccharide
in question is not mucoitin sulfate or hyaluronate.
This finding was confirmed by employing the enzyme hyaluronidase in an
attempt to hydrolyze the capsule of the organism. Drouhet and Segretain (8)
have reported that testicular hyaluronidase is capable of causing the complete
disappearance of the cryptococcus capsule in 5 minutes under optimum condi-
tions. These authors presented this finding as evidence for the hyaluronate nature
of the capsular substance.
added to the 30 per cent potassium chloride solution. The yield from 13 grams of starting
material was 800 mgm. Method B was selected as the method of choice. Saturated potassium
chloride was used as the extracting agent for several reasons. It prevented the extraction
of proteins and also discouraged bacterial contamination, thus avoiding the need for a
preservative. Moreover, it provided a very mild means of extracting polysaccharides.
Potassium carbonate was used to aid in breaking up protein-polysaccharide complexes and
was found to be quite effective for that purpose.
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A study was made of the action of both pneumococcal and testicular hyal-
uronidase on the capsule of intact organisms under conditions described by
Karl Meyer (9) for the hydrolysis of hyaluronic acid. After 30 minutes of incu-
bation at 37° C, samples of the control and enzyme-treated material gave values
for reducing sugar, calculated as glucose, ranging from 0.5 to 0.7 per cent. After
24 hours, reducing sugar values in the enzyme-treated and control material
ranged between 1.0 and 1.6 per cent and thereafter did not increase over a
period of seven days. Reducing sugar was measured by a modified Hagedorn
and Jensen method. The results of this experiment indicate that the capsular
material does not contain hyaluronate. Hydrolysis of dried capsulated whole
organisms with 0.5 N sulfuric acid liberated 17 per cent reducing surgar as glu-
cose.
Although it seemed unlikely, the possibility existed that the salt extraction
procedure employed in this study might also extract certain cellular constituents
such as nucleic acids. This possibility was eliminated by two experiments. Nu-
cleic acids show very strong absorption in ultraviolet light due to the purine
and pyrimidine portions of the molecule. The absorption maximum occurs at
2600 A. The intensity of absorption of nucleic acids is very much greater than
that of proteins and the detection of even small amounts of nucleic acids in pro-
tein is readily accomplished spectrographically. Solutions of capsular material
so examined did not show the presence of nucleic acids. In addition, Kjeldahl
nitrogen values for the purified capsular material were found to be 0.3 per cent.
This again eliminates the possibility of protein or nucleic acid contamination
and also indicates that amino sugars or amino acids are not present. This fact
was corroborated further by performing hexosamine determinations. (Shloss
modified Elson and Morgan procedure (10)). The purified capsular material
was found to contain no hexosamine.
All sugars which contain a free sugar group act as reducing agents in alkaline
solution. This reducing action of sugars is used in both their qualitative and
quantitative determination. The untreated cryptococcus capsular substance
exhibits no reducing groups. If this material is hydrolyzed with 4 N HCI at 100°
C for 6 hours no reducing groups are liberated, but if 0.5 N sulfuric acid is used
for hydrolysis, 47.5 per cent reducing sugar calculated as glucose is found. The
fact that this polysaccharide is so difficult to hydrolyze is indicative of the link-
ing of individual sugar molecules. It suggests that this material may be similar
to trehalose in its linkage. (In trehalose the linkage is by means of the aldehyde
groups).
Total carbohydrate was determined by a modified Dische method (11). The
value for total carbohydrate expressed as glucose was 48.0 per cent. The pres-
ence of pentoses in the cryptococcus capsule has been reported by various inves-
tigators (3, 5, 12, 13, 14). Utilizing a Dische method for the determination of
pentoses in the presence of hexoses (15) the capsular polysaccharide was found
to have 31.0 per cent pentose calculated as arabinose. The capsule was also found
to contain 6.7 per cent hexuronic acid calculated as glucuronic acid, as deter-
mined by a Dische method (16).
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The following table contains a summary of the analytical work.
Analysis of Cryptococcus neoformans capsular polysaccharide
ANALYSTS FOR PER CENT EXPRESSED AS
Nitrogen 0.3
Hexosamine 0 Glucosamine
Hexuronic acid 6.7 Glucuronic acid
Reducing sugar 47.5 Glucose
Total carbohydrate 48.0 Glucose
Total pentose 31.0 Arabinose
Total hexose 18.1 Glucose
Evans and Mehi (5) have reported the presence of galactose, mannose, xylose
and a uronic acid in the capsular polysaccharide. Drouhet, Segretain and Aubert
(17) found that the polysaccharide from the strain they studied contained xylose,
mannose and a uronic acid. These investigators did not report galactose; how-
ever, they did have evidence for the presence of glucose. In order to determine
the identification of the hexoses in the capsular polysaccharide, analysis by
another Dische (18) method was attempted. The principle of this method is the
formation of different colors by the various hexoses with a solution of cysteine.
Density measurements at selected times and wave lengths permit the detection
and determination of hexoses in mixtures with each other and in the presence
of other sugars. When solutions containing the purified capsular substance were
studied in this manner and absorption curves plotted throughout the visible
light spectrum, no evidence was found to indicate that either galactose or glucose
is the constituent hexose. The absence of galactose was further confirmed by
the inability to produce mucic acid from the capsular material in the presence of
nitric acid.
Further studies on the identification of the individual sugars making up the
capsular polysaccharide of C. neoformans are in progress and will be reported at a
later date.
SUMMARY
1. A method has been described for the isolation of the capsular polysaccharide
from C. neoformans. Capsular material isolated by this procedure has been found
to contain no starch, glycogen, amino acids, protein, amino sugars or nucleic acid
contaminants.
2. The polysaccharide is composed of hexuronic acid 6.7 per cent expressed as
glucuronic acid, hexose 18.1 per cent expressed as glucose, and pentose 31.0 per
cent expressed as arabinose. It contains neither hyaluronate nor mucoitin sulfate.
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